The objective of this study was to assess the correlations of amylin (a pancreatic polypeptide hormone) with some hormonal, biochemical and bone parameters in pullets. Forty 18-week-old pullets were used. Plasma amylin, CT (calcitonin), 1,25 (OH)2 vitamin D (1,25 dihydroxycholecalciferol ), serum osteocalcin, glucose, ALP (alkaline phosphatase), cholesterol, and triglycerides, as well as weight, length and total volume of tibiotarsi were measured. Plasma amylin concentration was negatively correlated with serum cholesterol (p<0.05) and triglycerides (p<0.05) concentrations. Plasma amylin concentration was significantly and positively correlated with plasma calcitonin concentrations (p<0.001). Serum ALP and plasma amylin concentrations were positively correlated (p<0.01). There were no correlations between amylin hormone and other parameters. Based on these results, it is possible to conclude that endogen amylin may effect cholesterol, triglycerides, calcitonin, and ALP levels in pullets without changing some other hormonal, biochemical and bone parameters related to calcium and lipid metabolism.
INTRODUCTION
Amylin is a hormone composed of a 37-amino acid peptide and was discovered in 1987 (Cornish et al., 1998a) . Amylin, also known IAPP (islet amyloid polypeptide), is colocalized with insulin in the beta-cells of the pancreatic islets (Lebovitz, 2010) . It is also found in much lesser quantities in the gastrointestinal tract and hypothalamus. Northernblot analysis indicates that IAPP mRNA is expressed in the chicken brain and intestine at a greater than 10 fold higher level than that found in the pancreas (Westermark et al., 2011) . Receptors for amylin are highly concentrated especially in the central nervous system, area postrema and nucleus accumbens, but it is likely that they are present on the surface of osteoblasts and osteoclasts as well (Fu et al., 2013) . There is a 20% sequence homology between amylin, CT (calcitonin) and adrenomedullin and 44% homology with CGRP (calcitonin gene related peptide), because it is a member of the calcitonin family. Amylin is a potent osteoblast mitogen and, acting like CT, an inhibitor of bone resorption. Unreduced amylin contains an intact disulfide bond between the position 2 and 7 of the peptide (Granholm, 2011) . Several experiments reported that this disulfide bond of the amylin molecule plays a key role in the amylin effects on bone and on the stimulation of osteoblast proliferation (Cornish et al., 1998a, b; Bronsky, 2004) . Amylin and CGRP have been reported to have CT-like hypocalcemic activity in vivo. Both human amylin and CGRP inhibited 1,25 (OH) 2 vitamin D (1,25 dihydroxycholecalciferol)-induced bone resorption in a tissue culture system, and the biological potencies of the two peptides were approximately 60-fold lower than that recorded for human CT.
Bone development of laying hens is critical in the egg industry. Pullets at the beginning of the laying period, undergo considerable metabolic stress, and required the supply of approximately 2.4 g calcium daily to the oviduct for shell formation. Dietary calcium supplies about 60 to 75% of the calcium required for eggshell formation, whereas the other 25 to 40% comes from bones (Newberry et al., 1999) . Therefore, bone reserves are important in laying hens. It was reported that amylin increases bone cortical width in mice (Cornish et al., 1998a) and laying hens (Guzel et al., 2009) .
Amylin is co-secreted with insulin from the β-cells of the pancreatic islets in response to stimulation of glucose, free fatty acids and food intake (Miegueu et al., 2013) Amylin is an important player in the control of energy balance. It inhibits food intake by supporting postprandial satiation, probably through stimulation of its receptor in the area postrema. Amylin increases energy expenditure after peripheral and central administration in animals (Lutz et al., 2006 (Lutz et al., , 2010 . Chronic infusion of amylin into the brain reduces body weight gain and adiposity, while chronic infusion of an antagonist of amylin receptors into the brain increases body adiposity (Lutz et al., 2010; Wielinga et al., 2010) . In vitro, amylin was found to inhibit both basal and insulin-stimulated glycogenesis in rat skeleton muscle (Leighton et al., 1988) and to impair glucose disposal in liver cells (Hoppener et al., 2008) . Infusion of amylin in dogs also induced peripheral insulin resistance (Xinwei et al., 2011) . High levels of amylin are observed in obese children and obese adults with impaired glucose tolerance or type-2 diabetes (Reinehr et al., 2007) . Cellular and animal studies implicate multiple roles of amylin in regulating insulin action and glucose and lipid metabolism. However, the relationships between amylin and serum glucose, cholesterol, and triglyceride levels in poultry has not been studied yet.
We carried out this study to evaluate if amylin has a relationship with CT, 1,25 (OH) 2 vitamin D, osteocalcin, ALP, glucose, triglyceride, and cholesterol level, as well with tibiotarsal weight, length and total volume in pullets.
MATERIALS AND METHODS

Birds
The experiment was performed with 40 layer pullets with 18 weeks of age. The mean±standard error (SEM) body weight of pullets was 1398±87 g. Pullets were housed in the same room on deep litter and were fed ad libitum. The pullets had free access to water. The room temperature was maintained at 22 to 27 o C and 12 h/d of light was applied. The diets were formulated according to bird age (Table 1) . 
Experimental Procedure
All birds were weighed and sacrificed by cutting the neck veins. Blood samples were taken into vacutainers (Venoject, Terumo, Leuven, Belgium) containing EDTA as an anticoagulant and tubes with no anticoagulant (serum tube) on slaughtering day. The samples were immediately centrifuged at 3000×g for 10 min. Serum glucose, triglycerides, and cholesterol levels were measured on slaughtering day. The remaining serum and plasma were stored at -80°C until the day of analysis.
Chemical Analyses
Serum glucose level was measured with a commercial kit (BD-D-GLUPAP-01, Fluitest, Biocon Diagnostik, Germany) using a spectrophotometer (Schimadzu UV 1601, Kyoto, Japan). Serum ALP, triglycerides, and cholesterol levels were also determined with a commercial kit (REF 80014, REF 80106 and REF 80019 , respectively, Biolabo, Maizy, France) using spectrophotometer.
Plasma CT was measured with commercial ELISA kits (S-1227, Peninsula lab., Bachem group, San Carlos, CA). The intra-assay CV for CT was 6.4%. In order to determine tibiotarsal measurements (weight, length, volume), the right tibiotarsus of each bird was immediately dissected from surrounding tissues, the bone cap was removed and kept frozen in a plastic bag at −20 °C until measurement. Each frozen tibiotarsus was later thawed at room temperature for 1 h (14), and the tibiotarsal length was measured with a digital caliper (Mitutoyo Corporation, Kawasaki, Japan). Bone mass was weighed with digital scale (Precisa XB 4200C, Switzerland). Bone volume then was measured by immersing the bone into a liquidfilled graded cylinder.
Statistical Analyses
The SPSS ® statistical software 13.00 was used for statistical analysis. Data were expressed as mean and standard error. The relationship between plasma amylin and plasma CT, 1,25 (OH) 2 vitamin D and serum osteocalcin, glucose, triglycerides, cholesterol, ALP and tibiotarsal weight, length and total volume were analyzed using Pearson's correlation coefficient and p<0.05 was considered as statistically significant.
RESULTS AND DISCUSSION
In this study, we evaluated the relationship between endogen amylin hormone and some biochemical, hormonal and bone parameters in pullets. Serum glucose, ALP, triglycerides and cholesterol levels were determined spectrophotometrically, whereas plasma CT, 1,25 (OH) 2 vitamin D, serum osteocalcin were measured using ELI-SA tests.
While negative correlations were observed between amylin and cholesterol (p<0.05) and triglyceride (p<0.05) concentration, there was no correlation between amylin and glucose concentration (Table 2) . A positive correlation between amylin and triglycerides was previously reported in a study with 53 children (Reinehr et al., 2007) . However, it remains controversial whether elevated amylin may directly or indirectly induce dyslipidemia. Smith et al. (2000) reported that a bolus injection or infusion with amylin significantly raised total plasma triglyceride levels and reduced the clearance of TG-rich lipoproteins in about 45%. In another study, Ye et al. (2001) showed that amylin infusion in rats increased not only circulating levels of non-esterified fatty acids and glycerol, but also hepatic triglyceride content. In a recent study, Roth et al. (2008) reported that amylin reduced plasma triglycerides by 31% and cholesterol by 10% compared with controls through an increase in lipase secretion, which has a potential role in lysis. Moreover, the weight loss mediated by amylin plus leptin was reported not only to be a result of reduced food intake, but also by the enhancement of systemic lipid metabolism, manifested by significant reduction of plasma triglyceride and total cholesterol levels (Trevaskis et al., 2010) . Similarly, Solimann et al. (2013) concluded that amylin lowers serum cholesterol, triglycerides, and LDL and increases HDL. Our findings showed that there was a negative correlation between amylin and cholesterol and triglyceride concentrations in pullets, in agreement with recent studies.
A positive correlation were observed between plasma amylin and serum ALP concentrations (Table  2 ). Alkaline phosphatase is essential for the process of mineralization, in which minerals such as calcium and phosphorus are deposited in developing bones and teeth. Mineralization is critical for the formation of strong and rigid bones. The role of ALP in bone mineralization was demonstrated during osteoblastic differentiation and growth plate cartilage calcification in previous studies. In both tissues, bone and calcifying 
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cartilage, ALP is expressed early in development. ALP was one of the first key players in the process of osteogenesis to be recognized (Golub et al., 2007) . We determined a positive correlation between amylin and ALP concentrations. This may be due to positive effects of intact amylin on tibial growth plate, trabecular and cortical bone (Cornish et al., 1998b; Guzel et al., 2009 ).
There was a positive correlation between amylin and calcitonin concentration. CT is the founding member of a small family of polypeptide hormones that comprises of CGRP, adrenomedullin, intermedin, CALCR-stimulating hormone, and amylin or islet amyloid polypeptide (Granholm, 2011; Katafuchi et al., 2003; Roh et al., 2003) . Correlation between amylin and calcitonin in the present study were expected because of it has a synergetic effect with calcitonin.
No correlations were found between plasma amylin and 1,25 (OH) 2 vitamin D and serum osteocalcin. Elevations in extracellular calcium concentration increase the activity of the enzyme 1-α-hydroxylase, which converts 25-hydroxycholecalciferol into 1,25 (OH) 2 vitamin D, the active form of vitamin D. This activated form of vitamin D increases the absorption of calcium (as Ca 2+ ions) by the intestine and stimulates the synthesis of osteocalcin. Osteocalcin is secreted by the osteoblasts (Ahlstrom et al., 2008; Tamura et al., 1992) . Both human amylin and CGRP inhibited 1,25 (OH)2 vitamin D-induced bone resorption in osteoblasts and were thought to play a role in bone mineralization and calcium ion homeostasis. Amylin has been reported to have CT-like hypocalcemic activity in humans (Datta et al., 1989) , rats (Furnsinn et al., 1993) and hens (Guzel et al., 2009) . Amylin and its fragments stimulate the proliferation of osteoblasts while inhibiting bone resorption. This may be explained by the reduction in calcium resorption from the bones and the stimulation of the synthesis of 1,25 (OH) 2 vitamin D (Tamura et al., 1992; Cornish et al., 1998b) . In the present study, there was no significant correlation between amylin and 1,25 (OH)2 vitamin D and osteocalcin levels in pullets.
There were no significant correlations between amylin and tibiotarsal weight, length, or total volume (Table 3 ). In a previous study, the systemic infusion of amylin (1-8) increased trabecular bone volume by 36% (Cornish et al., 2000) . Similarly, Cornish et al. (1998a) also reported that intact amylin increased trabecular bone volume of tibia by 50%, tibiotarsal length, and skeletal mass in adult male mice. In conclusion, the present study shows that the action of circulating amylin is interrelated and apparently interact with cholesterol, triglyceride, calcitonin, and ALP levels of pullets. These results may help us to better understand the mode of action of the hormone amylin in the metabolic pathways associated with calcium and lipids in pullets.
